4,341,605 7/1982 Solenberger et al. 4,348,310 9/1982 Silva et al. ........ 4,357,218 11/1982 Seko .............. 4,358,412 11/1982 Ezzel et al. .. 4,358,545 11/1982 Ezzel et al. ...... 4,360,601 11/1982 Copeland et al. 4,399,183 8/1983 Withers ..... ... 428/247 4,417,969 11/1983 Ezzell et al. .. ... 204/2S2 4,421,576 12/1983 Particularly preferred as a treating agent is a compound represented by the general formula:
wherein:
X is selected from the group consisting of -F, -Cl, -Br, and -I; X is selected from the group consisting of -Cl, -Br, and -I;
Y and Z are independently selected from the group consisting of -H, -F, -Cl, -Br, -I and -R'; R is selected from the group of perfluoroalkyl radicals and chloroperfluoroalkyl radicals having from 1 to 6 carbon atoms.
The most preferred treating agent is 1,2-di-bromotetra The present invention is a method for sizing polytet rafluoroethylene fibers, yarns, or threads such that if they are woven into cloth, the cloth will be sized. In particular, the invention is a method for sizing polytet rafluoroethylene fibers, yarns, or threads using a perflu orinated polymer solution or dispersion. The prior art has attempted to coat polytetrafluoro ethylene fibers, yarns, or threads by using mechanical lamination equipment. Other prior art has attempted to attach polytetrafluoroethylene fibers, yarns, or threads to ion exchange membrane films using heat treatment and extraction procedures rather than stabilizing the cloth itself (see U.S. Pat. No. 4, 272, 560) .
Other known relevant art includes: U.S. Pat. Nos. 3,770,567; 3,925,135; 4,272,560; 4,324,606; 4,399,183; 4,341,605; and 4,437,951. Burrell states J. Paint Tech, Volume 41, page 495 (1969) predicts a non-crystalline polymer will dissolve in a solvent of similar solubility parameter without chemical similarity, association, or any intermolecular force. However, he fails to mention anything about the solubility of polymers demonstrating crystallinity.
It would be highly desirable to be able to coat poly tetrafluoroethylene fibers, yarns, or threads such that when they are woven into fabrics, the fabrics will be sized. The present invention provides such a method.
SUMMARY OF THE INVENTION
The invention is a method for sizing polytetrafluoro ethylene fibers, yarns, or threads comprising: (a) contacting polytetrafluoroethylene fibers, yarns, or threads with a sizing composition of a perfluorinated polymer containing sites convertible to ion exchange groups and a treating agent having: a boiling point less than about 110' C.; a density of from about 1.55 to about 2.97 grams per Y and Z are independently selected from the group consisting of -H, -F, -Cl, -Br, -I and -R'; R' is selected from the group of perfluoroalkyl radicals and chloroperfluoroalkyl radicals having from 1 to 6 carbon atoms.
Th most preferred treating agent is 1,2-dibromotetra fluoroethane.
DETALED DESCRIPTION OF THE INVENTION
"Sizing composition' is a composition containing a treating agent and a perfluorinated polymer containing sites convertible to ion exchange groups, wherein the polymer is at least partially dissolved in the treating agent.
Polytetrafluoroethylene fabrics are limp cloths before sizing. The threads usually tend to slide about during handling and are, thus, very difficult to handle without changing the shape of the fabric. The present invention provides a method for sizing polytetrafluoroethylene fibers, yarns, or threads. Polytetrafluoroethylene in the present invention is treated as fibers, yarns, or threads, and later woven into fabrics.
Polytetrafluoroethylene fibers, yarns, or threads suit able for use in the present invention are those commer cially available from a variety of producers. The denier of the fiber, yarn, or thread is not critical to the success ful operation of the present process. Likewise, the over all physical dimensions of the fibers, yarns, or threads are not critical.
Under the procedures of the present invention poly tetrafluoroethylene fibers, yarns, or threads are treated with a solution or dispersion of a treating agent and a perfluorinated polymer.
Non-ionic forms of perfluorinated polymers de scribed in the following patents are suitable for use in the present invention: U.S. Pat. Nos. 3, 282, 875; 3, 909, 378; 4, 025, 405; 4, 065, 366; 4, 116, 888; 4, 123, 336; 4, 126, 588; 4, 151, 052; 4, 176, 215; 4, 178, 218; 4, 192, 725; 4, 209, 635; 4, 212, 713; 4, 251, 333; 4, 270, 996; 4, 329, 435; 4, 330, 654; 4, 337, 137; 4, 337, 211; 4, 340, 680; 4, 357, 218; 4, 358, 412; 4, 358, 545; 4, 417, 969; 4, 462, 877; 4, 470, 889; and 4, 478, 695 Z and Z are independently selected from the group consisting of -H, -Cl, -F, or -CF3.
The second monomer consists of one or more mono mers selected from compounds represented by the gen eral formula: (II) where:
Y is selected from the group consisting of -SO2Z, --CN, -COZ, and -COR3f)(Rf)OH;
Z is I, -Br, -Cl, -F, -OR, or -NR1R2; R is a branched or linear alkyl radical having from 1 to about 10 carbon atoms or an aryl radical;
R3f and Rf are independently selected from the group consisting of perfluoroalkyl radicals having from 1 to about 10 carbon atoms;
R1 and R2 are independently selected from the group consisting of -H, a branched or linear alkyl radical having from 1 to about 10 carbon atoms or an aryl radical; a is 0-6; b is 0-6; c is 0 or 1; provided a--b-c is not equal to 0; X is -Cl, -Br, -F or mixtures thereof when n>1; n is 0 to 6; and Rf and Rp are independently selected from the group consisting of-F, -Cl, perfluoroalkyl radicals hav ing from 1 to about 10 carbon atoms and fluoro chloroalkyl radicals having from 1 to about 10 carbon atOnS.
Particularly preferred is when Y is -SO2F or -COOCH3; n is 0 or 1; RandRp are -F; X is -C1 or -F; and a-b-c is 2 or 3.
The third and optional monomer suitable is one or more monomers selected from the compounds repre sented by the general formula: (III) where:
Y" is -F, -C1 or -Br; a' and b are independently 0-3; c' is 0 or 1; provided a'--b'--c' is not equal to 0; n' is 0-6; Rf and Rf are independently selected from the group consisting of-Br, -C, -F, perfluoroalkyl radicals having from about 1 to about 10 carbon atoms, and chloroperfluoroalkyl radicals having from about 1 to about 10 carbon atoms; and X is -F, -Cl, -Br, or mixtures thereof when n'> 1.
Conversion of Y to ion exchange groups is well known in the art and consists of reaction with an alka line solution.
The monomer FSO2CF2CF2OCF=CF2 has a density of about 1.65 grams per cubic centimeter and polytetra fluoroethylene has a density of about 2. It is desirable that the treating agents have a boiling point of from about 30° C. to about 110° C. The ease of removal of the treating agent and the degree of treating agent removal is important in producing various films, sizings and the like, without residual treating agent; hence a reasonable boiling point at atmospheric pres sure allows convenient handling at room conditions yet effective treating agent removal by atmospheric drying or mild warming.
It is desirable that the treating agent has a density of from about 1.55 to about 2.97 grams per cubic centime ter. The polymers of the present invention have densi ties from about 1.55 to about 2.2 grams per cubic centi meter. Primarily, the polymers have densities of from about 1.6 to about 2.2 grams per cubic centimeter. Treating agents of the present invention will therefore swell dissolve and disperse small particles of this poly mer, aided by the suspending effects of the similarity in densities.
The prior art did not balance density. They were interested in forming solutions and solutions do not It is desirable that the treating agent has a solubility parameter of from greater than about 7.1 to about 8.2 hildebrands. The similarity in cohesive energy densities between the treating agent and the polymer determine the likelihood of dissolving, swelling or dispersing the polymer in the treating agent.
It is desirable that the treating agent has a vapor pressure of up to about 760 millimeters of mercury at the specified temperature limits at the point of treating agent removal. The treating agent should be conve niently removed without the necessity of higher tem peratures or reduced pressures involving extended heat ing such as would be necessary in cases similar to U.S. Pat. No. 3,692,569 or the examples in British Pat. No. 2,066,824A in which low pressures (300 millimeters) had to be employed as well as non-solvents to compen sate for the higher boiling points and low vapor pres sures of the complex solvents.
It has been found that treating agents represented by the following general formula are particularly preferred provided they also meet the characteristics discussed above (boiling point, density, and solubility parameter): Of these two treating agents, 1,2-dibromotetrafluoroe thane is the most preferred treating agent. It has a boil ing point of about 47.3 C, a density of about 2.56 grams per cubic centimeter, and a solubility parameter of about 7.2 hildebrands.
1,2-dibromotetrafluoroethane is thought to work par ticularly well because, though not directly polar, it is highly polarizable. Thus, when 1,2-dibromotetra fluoroethane is associated with a polar molecule, its electron density shifts and causes it to behave as a polar molecule. Yet, when 1,2-dibromotetrafluoroethane is around a non-polar molecule, it behaves as a non-polar treating agent. Thus, 1,2-dibromotetrafluoroethane tends to dissolve the non-polar backbone of polytetra fluoroethylene and also the polar, ion-exchange-con taining pendant groups. The solubility of 1,2-dibromotetrafluoroethane is calculated to be from about 7.13 to about 7.28 hildebrands, It is surprising that an off-the-shelf, readily-available compound such as 1,2-dibromotetrafluoroethane would act as a solvent for the fluoropolymers described above. It is even more surprising that 1,2-dibromotetrafluoroe thane happens to have a boiling point, a density and a solubility parameter such that it is particularly suitable for use as a solvent/dispersant in the present invention.
In practicing the present invention, the polymer may be in any physical form. However, it is preferably in the form of fine particles to speed dissolution and dispersion of the particles into the treating agent. Preferably, the particle size of the polymers is from about 0.01 micron to about 840 microns. Most preferably, the particle size is less than about 250 microns.
To dissolve and disperse the polymer particles into the treating agent, the polymer particles are placed in contact with the treating agent of choice and intimately mixed. The polymer and the treating agent may be mixed by any of several means including, but not lim ited to, shaking, stirring, milling or ultra sonic means. Thorough, intimate contact between the polymer and the treating agent is needed for optimum dissolution and dispersion.
The polymers of the present invention are dissolved and dispersed into the treating agents at concentrations ranging from about 0.1 to about 50 weight percent of polymer in treating agent. At concentrations below about 0.1 weight percent, there is insufficient polymer dissolved and dispersed to be effective as a medium for coating articles or forming films within a reasonable number of repetitive operations. Conversely, at concen trations above about 50 weight percent there is suffi cient polymer present as a separate phase such that Preferably, the concentration of the polymer in the treating agent is from about 0.1 to about 20 weight percent. More preferably, the concentration of the pol ymer in the treating agent is from about 0.3 to about 10 weight percent. Most preferably, it is from about 5 to about 15 weight percent.
Dispersing the polymer into the treating agent can be conducted at room temperature conditions. However, the optimum dispersing effects are best achieved at temperatures from about 10 C. to about 50 C. At tem peratures above about 50 C. the measures for dis solving and dispersing the polymer have to include pressure confinement for the preferred treating agents or method of condensing the treating agents. Con versely, at temperatures below about 10 C, many of the polymers of the present invention are below their glass transition temperatures thus causing their disper sions to be difficult to form at reasonable conditions of mixing, stirring, or grinding.
Dissolving or dispersing the polymers into the treat ing agent are best conducted at atmospheric pressure. However, dispersing effects can be achieved at pres sures from about 760 to about 15,000 millimeters of mercury or greater. At pressures below about 760 milli meters of mercury, the operation of the apparatus pres ents no advantage in dissolving and dispersing poly mers, rather hindering permeation into the polymers and thus preventing formation of the sizing composi tions.
Conversely, pressures above about 760 millimeters of mercury aid very little in dissolving and dispersing polymers compared to the difficulty and complexity of the operation. Experiments have shown that at about 20 atmospheres the amount of polymer dissolved and dis persed in the treating agent is not appreciably greater.
The fiber, yarn, or thread upon which the sizing composition is to be coated is preferably cleaned or treated in such a way as to assure uniform contact with the sizing composition. The fiber, yarn, or thread can be cleansed to remove any dust or oils from the fiber, yarn, or thread by washing with a degreaser or similar solu tion followed by drying.
After being cleaned, the fibers, yarns, or threads may be pre-conditioned by heating or vacuum drying prior to contact with the sizing compositions and the coating operation. Temperatures and pressures in the following ranges are preferably used: about 20 millimeters of mer cury at about 110 C. or thereabout is sufficient in all cases; however, mild heat is usually adequate, on the order of about 50 C. at atmospheric pressure. The following methods are suitable for fixing the sizing composition of the present invention to a polytet rafluoroethylene fiber, yarn, or thread: (1) dipping the fiber, yarn, or thread into the sizing composition, fol lowed by air drying and sintering at the desired temper ature with sufficient repetition to build the desired thickness; (2) spraying the sizing composition onto the fiber, yarn, or thread is used to advantage for covering large or irregular shapes; (3) pouring the sizing compo sition onto the fiber, yarn, or thread is sometimes used; and (4) painting the sizing composition with brush or roller has been successfully employed. In addition, coat ings may be easily applied with metering bars, knives or rods. Usually, the coatings or films are built up to the thickness desired by repetitive drying and sintering. Then the sizing composition may be evened out using 4,778,723 7 scraping knives, rods, or other suitable means. The sizing composition can be applied in a single step or in several steps depending on the concentration of the polymer in the sizing composition and the desired thick ness of the coating.
Following the application of the sizing composition, the treating agent is removed by any of several methods including, but not limited to, evaporation or extraction. Extraction is the use of some agent which selectively dissolves or mixes with the treating agent but not the polymer. These removal means should be employed until a uniform deposition of polymer is obtained.
The treating agent removal is typically carried out by maintaining the coated substrate at temperatures rang ing from about 10 C. to about 110° C., with the pre ferred temperature range being from about 20 C. to The formation of the coating can be carried out as part of the polymer deposition and treating agent re moval process or as a separate step by adjusting the thermal and pressure conditions associated with the separation of the polymer from the sizing composition. If the sizing composition is laid down in successive steps, a coating can be formed without any subsequent heating above ambient temperature by control of the rate of evaporation. This can be done by vapor/liquid equilibrium in a container or an enclosure; therefore, the treating agent removal step can be merely a drying step or a controlled process for forming a coating.
After the treating agent has been removed, the resid ual polymer, as a separate step, is preferably subjected to a heat source of from about 200 C. to about 320 C.
for times ranging from about 10 seconds to about 120 minutes, depending upon the thermoplastic properties of the polymers. The polymers having melt viscosities on the order of 5X105 poise at about 300 C. at a shear rate of 1 sec.-1 as measured by a typical capillary rhe ometer would require the longer times and higher tem peratures within the limits of the chemical group stabil ity. Polymers with viscosities on the order of 1 poise at ambient temperatures would require no further treat A use for the present invention is the preparation of 60 impregnated or polymer-permeated reinforcement media which may be used to support membrane films. Reinforcement scrims or cloths may be prepared by dipping, painting or spraying the sizing compositions onto the scrim or cloth. Then, the coated scrim or cloth is baked or sintered to fix the fluoropolymer impregna tion to the scrim or cloth. The impregnated scrim or cloth is easier to handle than untreated scrims or cloths. contents were frozen, thawed, and vigorously washed to remove residual salts and soap. After vacuum drying, a sizing solution was prepared by placing 35 grams of polymer prepared above in a laboratory-size single tier 290 revolutions per minute roller Norton Jar Mill with 315 grams of 1,2-dibromotetrafluoroethane. The mix ture was mixed in the ball mill overnight at ambient temperature and at atmospheric pressure. The disper sant was analyzed and found to contain about 10 weight percent solids.
To the resulting soft paste about 300 additional grams of 1,2-dibromotetrafluoroethane was added and the mill was rolled an additional 3 hours. The resulting disper sion was found to contain about 5 weight percent poly A circle of Prodesco polytetrafluoroethylene cloth 24x24 leno weave about six inches in diameter was cut from a supply of polytetrafluoroethylene cloth. It was clamped into a hoop. The hoop with polytetrafluoro ethylene cloth was dipped into the sizing composition prepared above. The hoop was removed from the sizing composition and the excess sizing composition was shaken off. After being allowed to air dry, the coated polytetrafluoroethylene cloth was placed in a muffle furnace and kept at about 225 C. for about 1 minute. The sized polytetrafluoroethylene cloth had been well permeated with the sizing composition and had a good "hand" (as used in textile terminology), compared to the limp cloth before the sizing treatment. The threads, which usually tend to slide about during han dling, were then effectively held in place and the poly tetrafluoroethylene cloth was easily removed from the hoop.
EXAMPLE 2
A sample of woven polytetrafluoroethylene cloth was used for treating. It was about 6inches square com posed of: (a) 24 leno ends per inch each is composed of two, two hundred denier polytetrafluoroethylene thread in the warp and (b) 24 fill ends per inch where each is composed of a 400 denier polytetrafluoroethyl ene thread. It was dipped in a copolymer of tetrafluoro ethylene and CF2=CF-O-CF2-CF2-SO2F having an ion exchange an equivalent weight of 800 when hydrolyzed, was blended with 1,2,2-trichlorotrifluoroe thane to form a suspension containing about 10% poly mer solids by weight. It was allowed to dry. The dip ping and drying process was repeated 6 times. The sample was then heated to about 440 F. while being restrained from shrinkage mechanically. After this pro cess, the sample, whose original weight was 2.34 grams, had increased to 5.67 grams. To convert the -SO2F groups to -SO2Na, the sample was then placed in a 25 weight percent aqueous NaOH solution and was heated
